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Introduction: A large volume of clinical care data has been generated for managing
agitation in dementia. However, the valuable information in these data has not been
used effectively to generate insights for improving the quality of care. Application of
artificial intelligence technologies offers us enormous opportunities to reuse these
data. For health data science to achieve this, this study focuses on using ontology
to coding clinical knowledge for non-pharmacological treatment of agitation in a
machine-readable format.
Methods: The resultant ontology—Dementia-Related Agitation Non-Pharmacological
Treatment Ontology (DRANPTO)—was developed using a method adopted from the
NeOnmethodology.
Results: DRANPTO consisted of 569 concepts and 48 object properties. It meets the
standards for biomedical ontology.
Discussion: DRANPTO is the first comprehensive semantic representation of non-
pharmacological management for agitation in dementia in the long-term care setting.
As a knowledge base, it will play a vital role to facilitate the development of intelligent
systems for managing agitation in dementia.
KEYWORDS
agitation, artificial intelligence, dementia, knowledge base, knowledge representation, long-term
care, non-pharmacological treatment, ontology, semantic web
1 INTRODUCTION
With population aging, the number of people with dementia is increas-
ing rapidly.1 The economic and social impact of dementia makes it
stepping into “a public health priority” declared by the World Health
Organization (WHO).1 As there is no effective cure to dementia, the
major focus of the current health and social care system is supporting
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and nomodifications or adaptations aremade.
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healthcare professionals and providing them with evidence about the
best care for people living with dementia. Management of Behavioral
and Psychological Symptoms of Dementia (BPSD) is one of the most
challenging aspects in dementia care.2,3 Agitation is a common BPSD,
with prevalence rates up to 70% in people with dementia.4
Agitation is a general term that describes a diverse range of behav-
iors, including physically aggressive behaviors (eg, hitting and pushing
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people), physically non-aggressive behaviors (eg, restlessness and pac-
ing), verbally aggressive behaviors (eg, threat and cursing), and verbally
non-aggressive behaviors (eg, groaning and ceaseless talking).5 It often
leads to physical and psychological burden on people taking care of
peoplewith dementia such as heavyworkload, disruptions to daily care
routines, depression, and poor quality of life.2,3,6,7 Some other adverse
outcomes may include the patients’ premature institutionalization8
andhealth care professionals’ compensationbecauseof injuries caused
by the patients’ physical agitated behaviors.6,9
1.1 Agitation management
Agitation is manageable.10 The efficacy of pharmaceutical treatment
for agitation is modest, but it often carries the risk of serious adverse
effects.10-12 For example, antipsychotic drugs may increase the risk
of cardio-metabolic disorders and mortality.10,13 That is the reason
for the US Food and Drug Administration (FDA) to issue a black-
box warning, the strictest warning put in the labeling of perception
drugs by the FDA, for all antipsychotic medications.13,14 Therefore,
the use of drugs to treat agitation is not recommended unless it is
unavoidable, such as when there is a considerable risk to the person or
others.12
A safer and more effective agitation management strategy is
non-pharmacological therapies,10,15 that is, treatment without the
use of drugs. This strategy encompasses psychological, psychoso-
cial, interpersonal, cultural, behavioral, emotional, spiritual, envi-
ronmental interventions, and physical activities.10,16,17 Examples of
non-pharmacological therapies include exercise therapy, music ther-
apy, aromatherapy, pet therapy, bright light therapy, multisensory
therapy, doll therapy, and simulated presence therapy.10,11,17 Some
researchers suggest that one or a combination of non-pharmacological
therapies can yield better treatment results than pharmacological
treatments.12,15 The current good practice guidelines recommend that
non-pharmacological interventions should be used as the first-line
treatment approach to agitation.11,18-20
Despite the reported effectiveness of the non-pharmacological
interventions for agitation management, researchers indicated that
these strategies have neither been widely implemented in long-
term care facilities21,22 nor effectively used in clinical practice, and
many general practitioners do not even consider them as credible
approaches.23 Some barriers identified to the use of these interven-
tions include: (1) hard to identify the triggers of agitation,22 (2) time
constraint faced by healthcare professionals,15,22,24 and (3) limited
knowledge in agitationmanagement.13,21,22,25
Healthcare professionals should meet their obligation to deliver
optimal health care to people with dementia.1 Due to the above-
identified barriers, healthcare professionals are limited in their
capacity to fulfill this duty. Therefore, providing information and tool
support is vital for these professionals to effectively implement the
non-pharmacological strategies.15 It is also consistent with World
Health Organization’s (WHO’s) Global Action Plan1 on supporting
people with dementia and health care professionals by developing
HIGHLIGHTS
∙ This study builds an ontology Dementia-Related Agitation
Non-Pharmacological Treatment Ontology (DRANPTO)
for dementia care in the long-term care setting.
∙ DRANPTO maps knowledge on non-pharmacological
management for agitation in dementia.
∙ DRANPTO is developed using a method adopted from the
NeOnmethodology.
∙ DRANPTOconsists of 569 concepts and 48 object proper-
ties.
∙ DRANPTO is rigorously evaluated and meets the stan-
dards for biomedical ontology.
RESEARCH INCONTEXT
1. Systematic review: Literature about non-
pharmacological management for agitation in dementia
usingwere reviewed using the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
approach. An ontology Dementia-Related Agitation
Non-Pharmacological Treatment Ontology (DRANPTO)
is built to represent the knowledge from the literature.
2. Interpretation: To date, dementia care has rarely bene-
fited frombig data analytics and artificial intelligence. For
the first time, DRANPTO provides a computable, formal
representation of knowledge in this domain. It facilitates
researchers and practitioners to map the relationships
between concepts in this domain.
3. Future directions: More ontologies to represent other
Behavioral and Psychological Symptoms of Dementia
(BPSD) management knowledge, such as apathy and
depression, need to be developed to form a comprehen-
sive BPSD non-pharmacological management ontology.
The ontology can be used to drive the development of
person-centered online training material or data mining
from the existent electronic health records to provide
intelligent decision support for practitioners to manage
agitation in dementia.
information tools for “systematic collection, analysis and use of
dementia specific data.”
1.2 Problem statement
To date, a large volume of clinical care data has been generated for the
management of agitation, particularly in the long-term care facilities,26
ZHANG ET AL. 3 of 17
such as clinical documentation from medical and nursing staff, and
information collected from care recipients’ relatives and friends.
However, the valuable information in these data sets has not been
effectively reused to generate insights for the improvement of quality
of care.27,28 Failure to address agitation can result in a catastrophic
reaction, such as the considerable loss of quality of life for people with
dementia and their families and health care professionals.2,3,7
Application of artificial intelligence (AI) technologies, including data
mining and machine learning technology, offers enormous opportu-
nity for us to effectively use health data to better understand trig-
gers and risk factors of agitation, its manifestation, and the most
effective non-pharmacological interventions to manage it. For health
data science to achieve this, first we need to code clinical knowledge
in a machine-readable format using a specific computer dictionary—
ontology, which recodes concepts, terms, and their relationships for
agitation non-pharmacological management. Therefore, this study
aims to explore anddevelop amachine-readable ontology representing
agitation non-pharmacological treatment knowledge in dementia care,
named DRANPTO (Dementia-Related Agitation Non-Pharmacological
Treatment Ontology). The ultimate goal is to effectively reuse health
data to develop nursing knowledge to support agitation management
practice, that is, to facilitate and simplify the development of clini-
cal decision-support systems for assisting health care professionals to
manage agitation in the long-term care setting.
1.3 Ontology definition
The word ontology is first introduced by ancient Greek philosopher
Aristotle to mean the science of existence.29 In information science,
ontology is defined as “a formal explicit specification of shared con-
ceptualization” by the AI community,30 and is recognized as essential
elements of AI technology.31 According to this definition, the proposed
ontology of this study is a formal representation of a shared concep-
tualization of the domain knowledge in agitation non-pharmacological
management.
Ontology, by its nature, is a conceptual domain model presented
with a controlled vocabulary in a formal language.32 It can thus
represent knowledge in a machine-processable format.32 A con-
ceptual domain model describes a specific domain as a collection of
concepts and their inter-relationships, which correspond to entities
in the real world.33 In this study, the agitation non-pharmacological
treatment knowledge was conceptualized into defined concepts, the
relationships between these concepts, and attributes of the concepts.
1.4 Ontologies in health domain
A great effort has been made on the development of ontologies in
the health domain. One example is SNOMED CT ontology, a compre-
hensive clinical healthcare terminology, whose current release con-
tains 350,830 concepts.34 Another example is the LOINC ontology,
currently with 91,388 terms about medical laboratory test and patient
observations.35 The WHO developed an ontology of International
Classification of Diseases (ICD) as the global standard for diagnostic
health information. The latest version, ICD-11, was released in June
2018, and contains≈55,000 codes.36
Ontologies have been applied in the dementia domain. For exam-
ple, Zhang et al.37 have developed themild cognitive impairment (MCI)
ontology toassist physicians indiagnosingMCIefficiently. Toassess the
individual’s risk of developing dementia, Roantree et al.38 built the In-
MINDDontology, whichmodels the risk factors that can cause demen-
tia. Skarzynski et al.39 created the SOLOMONontology for the seman-
tic online searches of resources related to dementia neurodegenera-
tion. To emphasize the importance of placing people with dementia in
the center of care, Pennington40 introduced an ontological model that
represents the relationships between people with dementia and the
different entities with which they interact. In addition, Refolo et al.41
developed the Common Alzheimer’s Disease Ontology (ADO) as a
dynamic portfolio analysis tool for funding agencies on strategic plan-
ning and coordination of Alzheimer’s disease (AD) research.
To the best of our knowledge, there is no comprehensive ontology
containing concepts representing each specific non-pharmacological
intervention that is appropriate for agitated behaviors of dementia.
Thus, this study is an important contribution to the research commu-
nity in the domain of agitationmanagement for people with dementia.
2 METHODS
To achieve the aimof this study, theNeOnmethodology42 was adapted
to develop DRANPTO. The NeOn methodology is one of the proven
methods for ontology engineering.43 It has been used to build many
ontologies successfully in the health domain, such as TrhOnt ontol-
ogy to assist physiotherapists in managing patients’ rehabilitation
processes44 and a histological ontology of the human cardiovascular
system.43 The proposed method for building DRANPTO is illustrated
in Figure 1. A detailed description of each component of the proposed
method is presented next.
2.1 Ontology requirement specification
The purpose of this activity was to specify the requirements that the
expected ontology need tomeet. The outputwas the ontology require-
ments specification document (ORSD), which includes the informa-
tion about the purpose, the scope, the target group, the intended
use of the ontology, and the competency questions (CQs). The ORSD
for DRANPTO was developed through literature review and brain-
storming with domain experts, including two established researchers
in dementia care and two experts in the development of digital tech-
nology for aged care.
2.2 Method of resource reuse
The knowledge in the domain of agitation non-pharmacological man-
agement is highly complex. Resource reuse process was carried out
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F IGURE 1 Proposed DRANPTO development method (adapted
from the NeOnmethodology42)
to capture non-pharmacological treatment knowledge of agitation in
dementia from the existing resource, such as the published relevant
ontologies in the biomedical ontology repositories and literature of
current evidence-based practice in the domain of agitation manage-
ment. In this stage, three activitieswere performed: (1) search relevant
resource, (2) select the most appropriate resource, and (3) extract the
knowledge for building DRANPTO.
2.2.1 Method of searching relevant resource
First, a comprehensive search using keywords “agitation,” “challeng-
ing behavior,” “behavior of concern,” “management,” “dementia care,”
“non-pharmacological intervention,” and “non-pharmacological treat-
ment” was performed in the most relevant biomedical ontology repos-
itories, including theNational Center for Biomedical Ontology (NCBO)
BioPortal45 and the Open Biological and Biomedical Ontology (OBO)
Foundry.46 No ontologies representing the knowledge of agitation
non-pharmacological management were found. Then, a systematic lit-
erature search was conducted to identify potentially relevant liter-
ature. The literature search strategy was developed through a con-
sultation with a librarian not associated with the project on August
26, 2019. Through using this strategy, five databases were searched,
includingMEDLINE, CINAHL Plus with Full Text, the Cochrane Library,
PsycINFO, and Web of Science. The MeSH search term “dementia”
AND “agitation or agitated behavior” AND “non-pharmacological or
psychosocial” AND “intervention or treatment ormanagement or ther-
apy or strategy or best practice or guideline” was used to identify lit-
erature. To ensure literature saturation, the reference lists of included
studies were also scanned.
2.2.2 Method of selecting relevant resource
Once the relevant literature was collected, the resource selection
activity was performed to identify the most appropriate articles.
Selected articles were analyzed and critically appraised using the
Preferred Reporting Items for Systematic Reviews andMeta-Analyses
(PRISMA) guidelines47 (see Figure 2). A total of 931 articles were
collected, and 110 articles were included in this study. Articles
were selected according to the five inclusion criteria: (1) written in
English; (2) published from database inception onward to August, 26
2019; (3) published in peer-reviewed scientific journals; (4) articles
about non-pharmacological treatment to agitation (or as a part of
BPSD) for people with dementia in the long-term care facilities;
and (5) the study types include case studies, descriptive studies,
systematic reviews, meta-analyses, and randomized controlled trials
of non-pharmacological treatments, as well as practical guidelines
for agitation in dementia. Articles were excluded according to the
following exclusion criteria: (1) about pharmacological interventions
for agitation management; (2) about multicomponent interventions
with a component of pharmacological intervention; (3) about electro-
convulsive therapy (ECT); (4) conducted in the home care environment,
hospital environment, and community day care center; (5) only contain
the study protocol without outcome; and (6) conference abstract,
poster abstract, and editorial material.
2.2.3 Method of knowledge elicitation
Based on the selected literature, a systematic knowledge elicitation
approach was performed to abstract terms for representing knowl-
edge in the domain of agitation non-pharmacological management.
This process was undertaken manually by the first author, in consulta-
tion with two other authors. Through carefully reading of the selected
literature, the sentences which describe the key concepts and their
inter-relationships in the agitation non-pharmacological treatment
domain were extracted and documented in the document “DRANPTO
Building Documentation: agitation non-pharmacological treatment
knowledge - captured from literature” (see Appendix). For example,
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F IGURE 2 Publication search process according to themodified PRISMA flowchart
the sentence “Simulated presence and preferred music both proved
effective in reducing counts of physically agitated behaviors” was
extracted from a study “A comparison of two treatments of agitated
behavior in nursing home residents with dementia: simulated family
presence and preferred music”48 and then documented with the
reference. Software NVivo 1249 was used to manage the selected
literature and code the relevant sentences.
2.3 Ontology conceptualization
After the Knowledge Elicitation process, the knowledge of non-
pharmacological treatment for agitation in dementia was captured. In
the Ontology Conceptualization process, the captured knowledge was
organized into a conceptual model. First, the important terms rep-
resenting agitation non-pharmacological treatment knowledge were
elicited from the documented sentences and coded in the ontology edit
software Protégé.31 These terms were nouns and verbs. The nouns
were identified as concepts, attributes, and instances. Classes in the
ontology were extracted from the relevant nouns. Each class has a
description/definition, a label, abbreviation, and synonyms if applica-
ble. Then according to the subsumption relationship (is-a-superclass-of,
the converse of is-a-subclass-of) between classes, the class hierarchy
treewas built. For example, the terms of “Music Therapy” and “Sensory
Therapy” were elicited and defined as classes. Because “Music Ther-
apy” is a subclass of “Sensory Therapy,” “Music Therapy” was defined as
a subclass of the class “Sensory Therapy.”
The elicited verbs were used to create the properties for describ-
ing inter-relationships or attributes of classes. Object properties were
defined to connect classes with domain and range. For example, the
verb “conducts” was elicited and defined as an object property for
describing the relationships between the class “Health Care Profes-
sional” and “Agitation Management Activity.” Here, the class “Health
Care Professional” is defined as the domain of this property, and the
class “Agitation Management Activity” is defined as the range of this
property. Thus, the knowledge of “health care professional conducts
agitation management activity” was captured and represented for-
mally in Protégé.
The formal ontological model was implemented in Web Ontology
Language (OWL) 2, which is the W3C standard ontology represen-
tation language.50 Protégé 5.2.0,31 a free, open-source ontology
editing tool developed by the Stanford Center for Biomedical Infor-
matics Research at the Stanford University, was used for editing the
ontology.
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2.4 Evaluation and modification methods
Evaluation of the developed DRANPTO was performed in five steps:
first, during the implementation process, a semantic reasoner Pel-
let that uses description logic to perform reasoning51 was run to
test the consistency of the ontology, as Pellet supports full incre-
mental classification,52 and has strong reasoning ability.53 Afterward
the OntOlogy Pitfall Scanner (OOPS!)54 was applied to detect pitfalls
in DRANPTO. OOPS! is a web-based tool for evaluating ontologies
against a set of 41 potential pitfalls classified in the structural, func-
tional, and usability dimensions of an ontology in the health domain.55
Examples of the pitfalls are creating synonyms as classes, defining
wrong inverse relationships, and including cycles in a class hierarchy.54
These potential pitfalls of OOPS! were defined by analyzing existing
ontologies and extracting the existing pitfalls from articles on ontology
evaluation, and evaluated by analyzing user feedback and an empir-
ical study of the pitfalls detected over 969 ontologies.56 The useful-
ness of OOPS! has been tested in building TrhOnt ontology for physio-
therapists to manage patients’ rehabilitation processes,44 and a histo-
logical ontology of the human cardiovascular system.43 Furthermore,
a dementia care expert and an experienced nursing manager in a resi-
dential aged care facility were invited, as the domain experts, to man-
ually evaluate the developed ontology in terms of accuracy, clarity, and
completeness. In addition, evaluation of the capability of the developed
DRANPTO to answer the CQs was conducted using SPARQL query
language.57 SPARQL is a semantic query language for retrieving and
manipulate data stored in the ontology that are expressed in Resource
Description Framework format.58 In this study, SPARQL query lan-
guagewas used to create queries to represent theCQs to retrieve data
from the ontology. The retrieved data were verified to test if the ontol-
ogy can generate the correct answer for each CQ. At last, the quality
of DRNAPTO was assessed by the criteria for biomedical ontology,59
including accuracy, clarity, completeness, conciseness, and consistency.
Basedon the results of evaluation, theproposedontologywasmodified
and then finalized.
3 RESULTS
3.1 Results of ontology requirements
specification
As the results of specification, theORSD forDRANPTOwas developed
(see Table 1).
3.2 Results of resource reuse
The document “DRANPTO Building Documentation: agitation non-
pharmacological treatment knowledge - captured from literature” (see
Appendix) was produced as the results of Resource Reuse. An excerpt
of this documentation is shown in Table 2.
3.3 Resultant ontology
The resultant ontology has 569 classes, which were categorized in a
hierarchywith nine granular levels. It contains 11 top-level classes (see
Figure 3). Each top-level class has a number of subclasses. For exam-
ple, there are 14 subclasses under the top class of “Agitation Manage-
ment Approach” (see Figure 4). Moreover, 48 object properties were
built to connect the classeswith the identified domains and ranges (see
Figure 5). A simplified ontology graph was drawn to show the major
classes and their relationships in DRANPTO (see Figure 6). The oval
shapes in the graph depict the classes in DRANPTO. Between the oval-
shaped classes, a solid line connects twoclasses to signify a relationship
(object property), and a dotted line depicts a subsumption relationship.
DRANPTO has been made publicly available at the NCBO BioPortal61
because it is “theworld’smost comprehensive repository of biomedical
ontologies”62 developed by the U.S. NCBO.45
3.4 Results of evaluating the ontology
This section describes the evaluation results and the refinement made
to the ontology based on four methods of evaluation described in the
Methods section.
3.4.1 Results of automatic evaluation by Pellet
and OOPS!
First, DRANPTO was checked by the built-in automatic reasoner Pel-
let.No logic inconsistencywas reported. Then, anevaluation viaOOPS!
was performed. OOPS! classifies three levels of pitfalls: minor, impor-
tant, and critical. For DRANPTO, one minor pitfall and two important
pitfalls were detected (see Table 3). The minor pitfall was that three
elements of this ontology lacked human readable annotations to define
them. They were class “Reading Large Print Book,” “Watching Bird,”
and “Speaking in Gentle Voice.” To fix this pitfall, the definition anno-
tations of these classes were created and then attached to them cor-
respondingly. The annotation property of “rdfs:comment” was used to
conduct this modification in Protégé.
For the two important pitfalls, one of which was that three pairs
of classes might be equivalent, yet not explicitly declared in the pro-
posed ontology. Theywere “Hunger” versus “Thirst,” “Shouting” versus
“Yelling,” and “Delusion” versus “Hallucination.” To address this issue,
face-to-face consultations were held with a dementia care expert and
a biomedical semantics expert. Both experts had the same opinion. For
the first pair of classes “Hunger” versus “Thirst,” they were not equiv-
alent concepts because “Hunger” is “an uneasy sensation occasioned
by the lack of food,”63 whereas “Thirst” is “a sensation of dryness in
the mouth and throat associated with a desire for liquid”64 according
toMerriamWebsterDictionary. Therefore, the corresponding descrip-
tions were added for these two concepts in Annotations in the ontol-
ogy. The annotation property of “rdfs:comment” was used to conduct
this modification in Protégé.
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TABLE 1 Ontology requirements specification documentation for DRANPTO
Ontology requirements specification documentation
Purpose
The purpose of DRANPTO is to provide a referencemodel for the representation of the knowledge in the domain of dementia-related agitation
non-pharmacological management.
Scope
The ontology will focus on dementia-related agitation non-pharmacological management strategies that could be used in the long-term care facilities.
Implementation language
The ontology will be implemented in the ontology representation languageOWL 2 using Protégé 5.2.0.
Intended users
∙ Direct users: biomedical researchers who conduct academic research to generate insights for the improvement of quality of care; software engineers
for developing ontology-driven information systems to assist health care professionals in themanagement of agitation in dementia
∙ End-users: health care professionals working in the long-term care facilities to look after people with dementia
Intended use cases
∙ Use case 1: to share a common understanding of agitation non-pharmacological treatment knowledge between people andmachines in processes
such as automatic recognition and identification of agitation symptoms, manifestations of agitation, non-pharmacological interventions, and causative
factors that cause the exhibition of agitation from the existing health records.
∙ Use case 2: to advise health care professional about the appropriate non-pharmacological interventions for a personwho is exhibiting agitation, given
all the information that it is known about him/her.
∙ Use case 3: to support the organizational improvement initiatives in agitation non-pharmacological management for health care professionals in the
long-term care facilities.
∙ Use case 4: to build online educational material about agitation non-pharmacological management for people with dementia.
Ontology requirements
a. Non-functional requirements (not applicable)
b. Functional requirements: competency questions (CQs)
1. What are agitated behaviors?
2. What causes agitation in people with dementia?
3. What non-pharmacological interventions are used for agitation in dementia?
4. What are themain activities for agitationmanagement in dementia care?
5. What are themajor approaches to agitationmanagement?
6. What tools are used tomeasure agitation in dementia?
7. What background information of people with dementia is related to agitationmanagement?
8. What factors affect the implementation of non-pharmacological interventions to agitation in dementia?
Pre-glossary of terms
Dementia, BPSD, agitation, non-pharmacological intervention, treatment, management, strategy, long-term care, causative factor, manifestation,
exhibition, assessment tool, background information, people with dementia, implementation.
The second reportedpair of classeswere “Shouting” versus “Yelling.”
Experts agreed with the automatic recommendation of OOPS! that
they are equivalent classes because they convey the same concept of
making a loud cry due to agitation. Therefore, “Yelling” was annotated
as a synonym of “Shouting” instead of a new concept in the ontology.
In the case of “Delusion” versus “Hallucination,” they represent dif-
ferent psychotic symptoms: “Delusion” is “a false belief regarding the
self or objects outside the self that persists despite the facts, and is
not considered tenable by one’s associates,”65 whereas “Hallucination”
is “subjectively experienced sensations in the absence of an appro-
priate stimulus, but which are regarded by the individual as real.”66
Therefore, the original classification was kept, with clear annotation
added.
The other important pitfall was that the ontology metadata omit-
ted information about the license that applies to DRANPTO. To fix it,
the license informationwas added to the ontology, which clearly stated
that DRANPTO is licensed under Creative Commons Attribution-
NonCommercial-ShareAlike (CC BY-NC-SA) license version 4.0.67 In
Protégé, the annotation property “dcterms:license” was created and
then used to conduct this modification.
3.4.2 Results of evaluation by domain experts
A dementia care expert and an experienced nursing manager in a res-
idential aged care facility, as the domain experts, manually evaluated
the developed ontology in terms of accuracy, completeness, and clar-
ity. The dementia care expert performed the manual evaluation first.
She confirmed the accuracy. Following her suggestions about the com-
pleteness, four new concepts were added as new classes in the ontol-
ogy. They were: “Management Support” as a subclass of “Facilitator
To ImplementNon-pharmacological Intervention”; “TimeManagement
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TABLE 2 An excerpt of “DRANPTOBuilding Documentation:
agitation non-pharmacological treatment knowledge—captured from
literature"
Reference Information elicited
(Baillon et al. 2004)60 Both Snoezelen therapy and one-to-one
themed reminiscence therapy have a
positive effect in reducing agitated
behavior.
Agitated behavior is associated with carer
stress and the likelihood of
institutionalization.
The Cohen-Mansfield Agitation Inventory
(CMAI) and Agitation BehaviorMapping
Instrument were used in this study.
(Garland et al. 2007)48 Both simulated presence intervention and
preferredmusic intervention have a
positive effect in reducing physically
agitated behavior.
Simulated family presence used in this study:
a 15-minute audiotape of dialogue in
imitation of a telephone conversation
prepared by a family member about
cherished experiences and anecdotes from
earlier life.
Music preferred by the resident in earlier life
proved effective in reducing agitated
behaviors.
The agitated behaviors exhibited by nursing
home residents with dementia stem from a
multitude of factors, including confusion,
loneliness, pain, anxiety, depression, and
psychosis.
Some behaviors settle quickly with
reassurance and distraction.
Agitated behavior can lead to staff burnout,
physical restraint, and overmedication.
CMAI was used in this study.
Training” as a subclass of “Health Care Professional Education Inter-
vention”; “Having Regular Staff” as a subclass of “Social Environmen-
tal Intervention”; and “Feeding Animal” as a subclass of “Recreational
Activity.” In addition, following her recommendation about the clarity,
the term “Health Care Professional” was used to replace “Caregiver”
F IGURE 4 Twelve sub-classes of the top-class “Agitation
Management Approach” in DRANPTO
as the class name to represent the concept “Professional care workers
providing care to personwith dementia in the long-termcare facilities.”
The reason was the term “Caregiver” which has more than one inter-
pretation (professional caregiver, family caregiver, or both) could cause
the occurrence of semantic ambiguity. Themodified ontologywas then
evaluated by the nursing manager. He confirmed the accuracy, clarity,
and completeness with nomodification.
3.4.3 Results of evaluation by competency
questions using SPARQL query
In order to assess the capability of the developedDRANPTO to answer
theCQs, eachCQwas represented by SPARQLqueries to retrieve data
fromtheontology. For example,CQ6 “Whatare the tools used toassess
agitation in dementia” in SPARQL languagewas
PREFIX rdf: < http://www.w3.org/1999/02/22-rdf-syntax-ns#>
PREFIX owl: < http://www.w3.org/2002/07/owl#>
PREFIX rdfs: < http://www.w3.org/2000/01/rdf-schema#>





WHERE { ?AgitationAssessmentTool rdfs:subClassOf
:AgitationAssessmentTool; rdfs:label ?Name}
F IGURE 3 Eleven top-classes of DRANPTO
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F IGURE 5 Object properties in DRANPTO
The retrieved data were the English names of 15 tools for assessing
agitation captured from the selected literature (see Figure 7). The con-
sistency between the retrieved data and the original concepts suggests
that the developed ontology can generate the correct answer for each
CQ.
3.4.4 Quality of DRANPTO
Theevaluation results ensured thequality of thedevelopedontologyas
assessed by the criteria for biomedical ontology,59 including accuracy,
clarity, completeness, conciseness, and consistency.
Accuracy has two meanings: accuracy of the definitions and accu-
racy of the descriptions of the classes and the properties in an
ontology.59,68 DRANPTO meets this standard because the concepts
and their definitions and descriptions in DRANPTO were extracted
from the peer-refereed, published literature in the domain, and fur-
ther evaluated by the domain experts. For example, DRANPTO has
the class “Sundowning,” which represents the concept that sundown-
ing during the evening could trigger the manifestation of agitated
behaviors in people with dementia. This class meets the accuracy stan-
dard because the concept of “Sundowning” was extracted from three
peer-refereed, published articles including Cohen-Mansfield and Bil-
lig’s “Agitated behaviors in the elderly. I. A conceptual review,”69 Put-
man and Wang’s “The closing group: therapeutic recreation for nurs-
ing home residents with dementia and accompanying agitation and/or
anxiety,”70 and Alexopoulos et al.’s “Treatment of dementia and agita-
tion: a guide for families and caregivers.”71 To ensure the accuracy of
this class, it was further manually evaluated by two aged care nursing
experts.
Clarity measures “how effectively the ontology communicates the
intended meaning of the defined terms.”68 Names of concepts and
their definitions should be understandable and non-ambiguous.59,68
Clarity of DRANPTO is achieved by assigning to the non-ambiguous
label or description to each class using “rdfs:label,” “rdfs:comment,” or
“skos:definitions” (see an example about “Music Therapy” in Figure 8).
This also ensures DRANPTO can communicate the concepts and their
relationships clearly to the readers.
Completenessmeasures the coverage of the domain knowledge by
the ontology.59,68 Completeness of DRANPTO was evaluated by two
methods: manual evaluation by two domain experts, a nursing aca-
demic, and an experienced nursing manager in a residential aged care
facility; and evaluation by the CQs specified in the ORSD. The evalua-
tion results suggest that DRANPTOmeets the completeness standard.
Conciseness measures “if the ontology includes irrelevant ele-
ments with regards to the domain to be covered or redundant
representations of the semantics.”68 Conciseness of DRANPTO is
realized by a rigorous ontology development process. First, resource
selection followed the well-established PRISMA guideline. Because
the selected literature of agitation non-pharmacological management
is the foundation of the developed ontology, the ontology does not
contain irrelevant terms with regard to the domain that is being cov-
ered. In addition, using OOPS! to evaluate the ontology has discarded
the presence of redundant terms (see pitfall P30 in Table 3).
Consistency describes that “the ontology does not include or
allow for any contradictions.”68 By passing the test of Reasoner
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F IGURE 6 A simplified ontology graph of DRANPTOwith themajor classes and their relationships
Pellet and OOPS!, it suggests that DRANPTO meets the consistency
standard.
4 DISCUSSION
4.1 Comparisons to other biomedical ontologies
The final result of the study is a comprehensive DRANPTO, which rep-
resents the domain knowledge specific to non-pharmacological treat-
ment for agitation in people with dementia living in the long-term care
facilities. Many ontologies have been developed in the health domain.
However, they have a shortage in terms of coverage of agitation
non-pharmacological management domain. For example, ADO
representing the knowledge of the AD domain72 does not con-
tain any concepts representing agitation symptoms and specific
non-pharmacological interventions to manage them. Similarly, the
International Classification for Nursing Practice Ontology,73 as a stan-
dardized nursing terminology, includes many non-pharmacological
therapies and symptoms of health problems, but there is no concept
to represent various agitated behaviors specifically such as cursing,
screaming, and inappropriate dressing.
What appears distinct in the proposed ontology is the coverage of
the agitationnon-pharmacologicalmanagement domain in termsof the
richness, complexity, and granularity. For richness, it has 569 classes
to represent the various concepts in the target domain. For example,
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TABLE 3 Pitfalls reported byOOPS!
Minor pitfall P08: missing annotations
Description Three elements have neither “rdfs:comment” or
“skos:definition” defined.
Appears in Class “Reading Large Print Book,” “Watching Bird,” and
“Speaking in Gentle Voice”
Correction The corresponding annotations were added to these
classes.
Important pitfall P30: equivalent classes not explicitly declared
Description Missing the definition of equivalent classes
(owl:equivalentClass) in case of duplicated concepts.
Appears in “Hunger” versus “Thirst,” “Shouting” versus “Yelling,”
“Delusion” versus “Hallucination”
Correction “Yelling” was defined as a synonym of “Shouting.” No
correctionwasmade to others.
Important pitfall P41: no license declared
Description Omitting information about the license that applies to
the ontology.
Appears in This pitfall applies to the ontology in general instead of
specific elements.
Correction The license information of using CC BY-NC-SA license
version 4.0 was added to the ontology.
it contains 71 various agitated behaviors (eg, “Screaming” and “Inap-
propriate Dressing”), 114 risk factors that may cause the manifesta-
tion of agitated behaviors (eg, “Confrontational Communication” and
“Malnutrition”), 222 non-pharmacological interventions (eg, “Singing”
and “Robotic Animal-Assisted Therapy”), 29 concepts related to the
background of people with dementia (eg, “Preference” and “Supersti-
tious Belief”), and 30 specific communication techniques (eg, “Speaking
in Audible Voice” and “Asking Permission”) for health care profession-
als to communicate with people with dementia and better understand
their needs, so as to prevent and reduce the exhibition of agitation.
Notably, many new concepts that have not been included in other
biomedical ontologies of the NCBO BioPortal and the OBO Foundry
were extracted from the selected literature and included inDRANPTO,
such as the class “Robotic Animal-Assisted Therapy” to represent
the concept of using robotic animals as a means of therapy. Although
both SNOMED CT ontology34 and MESH ontology74 contain the
class “Animal-Assisted Therapy” to represent the concept of using real
animals as a means of therapy, neither of them has the concept equiv-
alent to “Robotic Animal-Assisted Therapy.” To date, robotic animals
have been developed as an alternative to real animals and applied to
manage dementia-related agitation in long-term care facilities.75-77 A
well-known robotic animal is called PARO,75-77 which is a therapeutic
pet-type robotic seal. Studies show that using PARO has a positive
effect in reducing agitation for people with dementia.75-77 Therefore,
this concept was extracted and coded as a non-pharmacological
intervention in DRANPTO. Another similar example of new concepts
included in DRANPTO is the concept of using plush and stuffed toy
animals (eg, teddy bear) as a means of therapy, which was coded as the
class “Toy Animal-Assisted Therapy.” This concept has also not been
included in other biomedical ontologies of the NCBO BioPortal and
the OBO Foundry. Adding these new concepts increases coverage of
DRANPTO in the agitation non-pharmacological management domain,
which distinguishes it from the previous biomedical ontologies.
For complexity, DRANPTO has 48 object properties to connect
the classes. A simplified ontology graph (draw by OntoGraf) placing
the class “Person with Dementia” in the center shows the complex
relationships among classes in the proposed ontology (see Figure 9).
For granularity, DRANPTO is elaborated in greater detail with nine
granular levels to represent the knowledge of non-pharmacological
treatment to agitation in dementia. An excerpt of the hierarchy of class
“AgitationManagement Activity” presents the nine granular levels (see
Figure 10).
4.2 Potentialities of DRANPTO
As a domain ontology, DRANPTO has many potentials. One is to trans-
form the clinical text data into machine-processable data by creating
semantic annotations.78 A semantic annotation is a mapping of a data
element to an ontology concept, suggesting that the data element
F IGURE 7 Obtained SPARQL query results for CQ6
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F IGURE 8 Annotations for “Music Therapy” in DRANPTO
F IGURE 9 A simplified ontology graphwith the class “Personwith Dementia” in the center
refers to the concept.78 Currently DRANPTO is being employed as a
semantic index for the semantic annotation of nursing progress notes
about the management of BPSD in dementia by a teammember in our
research group. This project involves 389,430 clinical records of 1192
people with dementia from 40 long-term care facilities in Australia.
These clinical records are all written in natural language in free-text
form, that is, they are unstructured text data, which poses a challenge
for further information processing in terms of search, retrieval, and
analysis. Therefore, for artificial intelligence (AI) technologies (eg,
machine learning technology) to be able to process these clinical texts
directly, it is necessary to transform these unstructured text data
into structured data, applying DRANPTO ontology. The first step is to
identify and annotate the relevant agitated behaviors (eg, kicking and
biting) in the clinical text. A simple analysis of the data of these agitated
behaviors has produced some interesting results. For example, about
13% of people with dementia have the agitated behavior of kicking;
about 4% of peoplewith dementia have the agitated behavior of biting.
Once the annotation process of the clinical text was completed and all
data became machine-processable data, more insights about agitation
in dementia would be generated from this corpus of nursing progress
notes.
These insights would help researchers and the health care profes-
sionals better understand agitation, its manifestation, the effective
non-pharmacological management, and eventually guide the health
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F IGURE 10 An excerpt of the hierarchy of class “Agitation
Management Activity”
care professionals to better manage agitation and improve the qual-
ity of care for people with dementia. It can also be used to extract
meaningful data to improve organizational efficiency, and to produce
easily understandable health reports for a variety of users (eg, front-
line clinicians and care staff, managers of the long-term care facilities,
family members, and researchers). In addition, the ontology will form
the base for the development of the intelligent systems that can pro-
vide real-time support for health care professionals in care delivery.
Together with other ontologies that have been developed and applied
in dementia care,79-81 DRANPTO has opened the opportunity to real-
ize all these possibilities, and thus has made an important contribution
to the research community in the agitation management domain and
will help improve the quality of life for people living with dementia.
4.3 Challenges of the study
Five challenges were encountered in developing DRANPTO. The first
challenge was identifying the relevant resource as the foundation to
extract knowledge in the target domain because there is no standard-
ized document that provides comprehensive coverage of knowledge
base for the non-pharmacological management of agitation in demen-
tia. Various BPSD management guides were developed, such as the
International Psychogeriatric Association Complete Guides to BPSD—
NurseGuide,82 ReducingBehaviors ofConcernGuide,11 andManaging
Behavioral and Psychological Symptoms of Dementia: A Clinician’s
Field Guide to Good Practice.83 However, they are only small part of
the knowledge base for the non-pharmacological management of agi-
tation in dementia. Therefore, we took the PRISMA-based47 approach
to systematically collect and select the relevant literature as the foun-
dation to extract knowledge in the target domain. The disadvantage
of this approach was its time-consuming nature. The advantage was
assurance of quality of the original articles that provides credible and
comprehensive knowledge base for computerization into ontology.
The second challenge was using the manual approach to construct
DRANPTO from text. This approach requires lots of human effort to
extract the ontological entities and then compile and organize them
appropriately.84,85 Alternatively, many (semi)automatic approaches
have been developed to build ontology from text. For example, Kumar
et al.86 proposed an automatic method to build ontology from text
using statistical and natural language processing techniques; Sánchez
andMoreno85 also presented an automatic approach to create domain
ontologies using ontology learning techniques. One major drawback
of these methods is that most of them only can extract domain terms
and their taxonomic relationships to a certain degree, whereas their
ability to extract the non-taxonomic relationships is limited.84,85 How-
ever,manual ontology construction does not have this issue. Therefore,
to achieve the aim of this study to develop an ontology that includes
concepts in the agitation non-pharmacological treatment domain and
their relationships (both taxonomic and non-taxonomic), we applied
themanual approach to build DRANPTO.
The third challenge was finding an efficient ontology evaluation
method to assess DRANPTO, because of the lack of standardized
approaches to evaluate ontologies in the biomedical domain.59 Many
ontology evaluation methods have been developed and implemented
to assess ontologies, such as the gold standard–based evaluation, the
domain expert-based evaluation, the digital assessment tool-based
evaluation, the CQ-based evaluation, and the quality criteria-based
evaluation.51,54,87 In practice, ontology developers commonly use one
or a combination of these evaluation approaches to assess the quality
of ontologies. For example, Malhotra et al.72 applied both CQ evalua-
tion and domain expert evaluation to assess the quality of their pro-
posed ADO for AD. In addition, Berges et al.44 used OOPS! (a digital
assessment tool) and also quality criteria to assess their TrhOnt ontol-
ogy for assisting rehabilitation processes.
In this study, to ensure the quality of the proposed DRANPTO, all
evaluation approaches mentioned in the preceding were evaluated.
This led to the selection of the optimal five approaches that were
applied toevaluateDRANPTO.These include: (1) running reasonerPel-
let; (2) using OOPS!; (3) involving domain experts for manual evalua-
tion; (4) answering CQs; and (5) applying ontology quality criteria, as
presented inSection2.4. Thismulti-method, comprehensiveevaluation
has yielded excellent results: DRANPTO meets the quality standards
for biomedical ontology.59 It is worth noting that the gold standard–
based evaluation approach was not applied for assessing the quality
of DRANPTO due to a lack of such gold standard in the domain of this
study, as found by Amith et al.59 Therefore, it was not possible to com-
pare DRANPTOwith any gold standard ontology.
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The fourth challenge was involving domain experts in manual eval-
uation of DRANPTO. The domain expert–based evaluation approach
that was applied in this study requires human experts in the target
domain to manually review all entities (concepts and relationships)
of the proposed ontology one by one. Because it requires lots of
efforts and time of domain experts, this approach is regarded as an
“expensive” evaluation approach.88 Therefore, many ontologies were
developed by either applying other evaluation approaches or involving
only a few domain experts as evaluators to manually assess the quality
of their proposed ontologies. For example, one clinical expert in the
AD domain performed a manual evaluation of ADO72; two experts
in the infectious disease domain evaluated the accuracy of Bacterial
Clinical Infectious Disease Ontology89; and two domain experts (an
infectious diseases fellow and a pharmacist) evaluated the accuracy of
the ontology for guiding appropriate antibiotic prescribing.90 Similarly,
in this study, two domain experts including a dementia care expert
and an experienced nursing manager in a residential aged care facility
manually evaluated the developed ontology in terms of accuracy,
clarity, and completeness. It ensured that DRANPTO is an accurate
representation of the non-pharmacological treatment knowledge in
the domain of agitationmanagement for people with dementia.
The fifth challenge was dealing with the unexpected results of eval-
uation byOOPS! This automatic evaluation tool detected three pitfalls
for DRANPTO. One of them was unexpected—three pairs of classes
might be equivalent, yet not explicitly declared in the proposed ontol-
ogy. They were “Hunger” versus “Thirst,” “Shouting” versus “Yelling,”
and “Delusion” versus “Hallucination.” Theywere detected because the
names of these pairs of classes appear in a common synset (a set of
cognitive synonyms) in WordNet.56 WordNet, a lexical database for
English language,91 used by OOPS! to conduct linguistic analysis to
concepts included in the ontology.56 In WordNet, both “Hunger” and
“Thirst” appear in the synset expressing the concept—“strongdesire for
something (not food or drink).”92 In other words, they are synonyms
under this concept. For example, “a hunger for knowledge” has the
samemeaningwith “a thirst for knowledge.” However, it is not the con-
cept that these two classes aim to represent in the proposed ontology.
In DRANPTO, they were not equivalent concepts because “Hunger”
represents “an uneasy sensation occasioned by the lack of food,”63
whereas “Thirst” represents “a sensation of dryness in the mouth and
throat associated with a desire for liquid.”64 Therefore, the original
classification was kept, with clear annotation added. This action also
applied to the second pair of classes “Delusion” versus “Hallucination,”
as they represent different symptoms of dementia, regardless of the
automatic recommendation of OOPS! In the case of “Shouting” ver-
sus “Yelling,” we agreed with OOPS! that they are equivalent classes
because they convey the same concept of making a loud cry due to
agitation. Thus, “Yelling” was annotated as a synonym of “Shouting”
instead of a new concept in the ontology.
At last, it is worth noting that we excluded electroconvulsive ther-
apy(ECT) in the proposed ontology. ECT, also called electroshock
therapy, is a medical treatment that involves passing carefully con-
trolled electric currents through the brain to relieve severe psychotic
symptoms.93 Researchhas found that ECT is safe andeffective in treat-
ing agitation in people with dementia.94,95 Because it does not involve
the use of drugs, it is a non-pharmacological treatment. ECT is typi-
cally administered by a team of medical professionals, such as an anes-
thesiologist, a psychiatrist, and a nurse.93 It is impractical for health
care professionals to apply this therapy appropriately to treat agita-
tion for people with dementia in the long-term care facilities. There-
fore, it is beyond the scope of this ontology, which focuses on non-
pharmacological treatment for dementia-related agitation that could
be used in the long-term care facilities; thus leading to the exclusion of
ECT in the proposed ontology.
5 CONCLUSIONS
In this article, we presented DRANPTO representing the domain
knowledge specific to non-pharmacological intervention for agitation
in dementia, particularly for the long-term care setting. It was built by
adapting NeOn methodology and was based on the current best evi-
dence. This ontology is the first comprehensive semantic description
of the agitation non-pharmacological management domain. It meets
the standards for biomedical ontology including accuracy, clarity, com-
pleteness, conciseness, and consistency. It will serve as the seman-
tic knowledge base to facilitate and simplify the development of clini-
cal decision-support systems for assisting health care professionals to
manage agitation in personwith dementia.
In the future, we will develop more ontologies for representing
other BPSDmanagement knowledge, such as apathy, depression, delu-
sion, and hallucination. Then by integrating them together, we will
eventually build a comprehensive BPSDnon-pharmacologicalmanage-
ment ontology containing concepts representing each specific non-
pharmacological intervention that is applicable to a variety of BPSD
symptoms. This will enable the applications based on it to assist
health care professionals to address specific challenging behaviors
in the long-term care facilities by providing them with specific non-
pharmacological treatment recommendations.
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